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ANNUAL  PROGRESS  REPORT 


Grant#:  N0001491-J-1956  R&T  Code:  5400067fel04 

PRINCIPAL  INVESTIGATORS:  Dr.  James  G.  Fujimoto  and  Dr.  Christopher 
Stanton 

INSTITUTION:  Massachusetts  Institute  of  Technology  and  University  of  Florida 
GRANT  TITLE:  Femtosecond  Studies  of  Carrier  Dynamics  in  Compound  Semi¬ 
conductors 

REPORTING  PERIOD:  1  January  1993  -  31  May  1994 
AWARD  PERIOD:  1  March  1991  -  31  March  1994 

OBJECTIVE:  The  objective  of  our  program  is  to  develop  and  combine  state  of 
the  art  femtosecond  measurement  techniques  with  advanced  solid  state  theoretical 
techniques  to  study  carrier  dynamics  in  semiconductors. 

APPROACH:  This  program  is  a  collaborative  effort  between  investigators  at  the 
Massachusetts  Institute  of  Technology  and  the  University  of  Florida.  Experimental 
efforts  at  MIT  focus  on  the  development  and  application  of  new  femtosecond  tech¬ 
niques  for  measuring  ultrafast  processes  in  compound  semiconductors  and  devices. 
Studies  include  investigation  of  both  nonlinear  index  and  absorption  and  gain  dy¬ 
namics  in  bulk  semiconductors  and  devices.  The  work  t  the  University  of  Florida 
focuses  on  developing  new  approaches  for  studying  ultrafast  carrier  dynamics  of 
carriers  in  semiconductors  and  predicting  transient  behavior  as  it  impacts  on  de¬ 
vice  performance.  Investigations  use  full  band  structure  calculation  combined  with 
techniques  for  numerically  solving  the  Boltzmann  and  quantum  transport  equations 
for  both  electron  and  hole  distributions.  Because  the  dynamics  of  excited  carriers 
in  semiconductors  is  extremely  complex,  detailed  theoretical  studies  are  required  to 
extract  fundamental  information  on  carrier  dynamics  from  experimental  measure¬ 
ments  or  to  predict  transient  behavior. 

ACCOMPLISHMENTS  (last  12  months):  During  the  past  contract  year,  we  have 
developed  a  new  technique  for  performing  independent  multiple  wavelength  pump 
and  probe  measurements  in  waveguide  devices.  This  approach  is  based  on  the  use 
of  a  Kerr  lens  modelocked  Ti:AljOs  laser  combined  with  spectral  pulse  shaping 
techniques  and  heterodyne  detection.  This  technique  is  extremely  powerful  because 
it  permits  the  energy  relaxation  dynamics  of  carriers  to  be  studied  in  waveguide 
devices.  We  have  performed  the  first  studies  of  femtosecond  carrier  heating  and 
spectral  hole  buring  in  strained  layer  InAs/AlGaAs  laser  diodes. 

Studies  at  the  University  of  Florida  have  focused  on  theoretical  techniques  for  in¬ 
terpreting  experimental  results  and  unifying  experiment  and  theory.  We  have  devel¬ 
oped  band  structure  calculations  for  strained  layer  systems  and  a  Runge  Kutta  nu¬ 
merical  technique  for  solving  a  symmetrized  Boltzman  transport  equation  to  predict 
measurements  of  pump  and  probe  gain  and  absorption  dynamics  in  InAs/AlGaAs 
strained  layer  diodes. 

We  have  also  studied  the  theoretical  electronic,  optical  and  transport  proper¬ 
ties  of  Si  quantum  wires,  using  a  second  nearest  neighbor  tight-binding  calculation 
coupled  with  a  coupled  multi-band  Boltzmann  transport  equation.  These  investi¬ 
gations  are  motivated  by  the  recent  observations  of  high  efficiency  luminescence  in 
porous  silicon  and  its  implications  for  visible  display  technologies.  We  find  that  in 
the  quantum  wires,  the  band  structure  becomes  pseudo-direct,  and  when  excitons 
are  included  in  the  calculation,  the  oscillator  strengths  can  become  comparable 


to  GaAs.  Transport  calculations  show  that  electron  and  hole  mobilities  increase 
linearly  with  cross  sectional  wire  size. 

theoretical  approaches  which  are  pursued  in  this  program  can  be  used  to  provide 
fundamental  information  about  the  physics  of  excited  carriers  in  semiconductors 
and  how  they  impact  on  electronic  an  optoelectronic  device  performance.  Strained 
layer  devices  are  especially  interesting  because  they  extend  the  wavelength  range 
of  laser  diodes  and  reduce  the  hole  band  degeneracy  to  yield  lower  threshold  laser 
operation.  Studies  of  carrier  relaxation  mechanisms  have  a  direct  bearing  on  gain 
and  absorption  dynamics  in  laser  diodes  where  perturbations  of  quasithermal  carrier 
processes  produce  changes  in  gain  and  index  in  high  speed  modulation. 

WORK  PLAN:  During  the  continuation  of  this  contract,  we  will  continue  stud¬ 
ies  in  strained  layer  InGa/AlGaAs  materials  and  devices.  Our  objective  will  be  to 
develop  an  understanding  of  both  nonlinear  gain  and  index  effects  from  an  experi¬ 
mental  as  well  as  a  theoretical  perspective.  The  implications  of  fundamental  carrier 
dynamics  processes  for  high  speed  device  behavior  will  be  investigated.  We  will 
also  extend  studies  to  other  materials  systems  at  different  wavelengths  including 
the  GalnAsSb/AlGaAsSb  materials  in  the  2  micron  region  as  well  as  II- VI  materi¬ 
als.  Working  in  collaboration  with  investigators  at  the  Vanderbilty  Free  Electron 
Laser  Center,  we  will  investigate  nonlinear  index  effects  in  narrow  bandgap  semi¬ 
conductors. 

PUBLICATIONS  AND  ABSTRACTS  (last  12  months): 

1.  C.-K.  Sun,  B.  Golubovic,  H.  K.  Choi,  C.  A.  Wang,  and  J.  G.  Fujimoto,  “Hetero¬ 
dyne  non-degenerate  pump-probe  measurement  technique  for  guided  wave  devices,” 
Opt.  Lett.,  submitted  for  publication. 

2.  D.  W.  Bailey  and  C.  J.  Stanton,  “Calculations  of  ultrafast  differential  transmis¬ 
sion  in  germanium,”  Phys.  Rev.  B,  subnutted  for  publication. 

3.  A.  V.  Kuznetsov  and  C.  J.  Stanton,  “Coherent  phonon  oscillations  in  semicon¬ 
ductors,”  Phys.  Rev.,  submitted  for  publication. 

4.  G.  D.  Sanders,  C.-K.  Sun,  J.  G.  Fujimoto,  H.  K.  Choi,  C.  A.  Wang,  and  C. 
J.  Stanton,  “Carrier  gain  dynamics  in  InGaAs/AlGaAs  strained-layer  single-well 
diode  lasers:  Comparison  of  theory  and  experiment,”  Phys.  Rev.  B,  accepted  for 
publication. 

5.  B.  B.  Hu,  A.  S.  Weling,  D.  H.  Auston,  A.  V.  Kuznetsov,  and  C.  J.  Stanton,  “DC 
electric  field  dependence  of  THz  radiation  induced  by  femtosecond  optical  excitation 
of  bulk  GaAs,”  Phys.  Rev.  B  49,  2234  (1994). 

6.  C.  S.  Kim,  A.  V.  Kuznetsov,  and  C.  J.  Stanton,  “Theory  of  the  generation  of 
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Technol.  9,  436  (1994). 

7.  C.-K.  Sun,  F.  Vall4e,  L.  Acioli,  E.  P.  Ippen,  and  J.  G.  Fujimoto,  “Femtosecond 
investigation  of  electron  thermalization  in  gold,”  Phys.  Rev.  B  48, 365-368,  October 
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12.  G.  D.  Sanders,  C.  J.  Stanton,  and  Y.  C.  Chang,  “Theory  of  transport  in  silicon 
quantum  wires,”  Phys.  Rev.  B  48, 11  067  (1993). 
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ThD2-l. 
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Development  of  theoretical  model  because  of  extended  wavelength 

based  on  Boltzman  transport  eq.  range  and  reduced  threshold 
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ADDRESSEES  REPORT  TYPES  NUMBER  OF  COPIES 

Scientific  Officer  Code:  1114SS  (a)  &  (b)  3 

Larry  R.  Cooper 
Office  of  Naval  Research 
800  North  Quincy  Street 
Arlington,  Virginia  22217-5000 

Administrative  Grants  Officer 
Office  of  Naval  Research 
Resident  Representative  N66017 
Administrative  Contracting  Officer 
Massachusetts  Institute  of  Tech. 

Room  E19-628 

Cambridge,  MA  02139-4309 

Director,  Naval  Research  Laboratory  (a)  &  (b)  1 

Attn:  Code  2627 
Washington,  DC  20375 

Defense  Technical  Information  Center  (a)  &  (b)  2 

Building  5,  Cameron  Station 
Alexandria,  Virginia  22304-6145 

DoD  -  Washington  Headquarters  Services 

Installation  Accounting  Branch  (a)  ,  (b)  ,  &  (c)  2 

Rm.  I3B269,  The  Pentagon 
Washington,  D.C.  20301 — 1155 

Office  of  Civil  Applications 
OSD/SDIO/CA 

Washington,  D.C.  20301-7100  (a)  (b)  &  (c)  2 

If  the  Scientific  Officer  directs,  the  Grantee  shall  make  additional 
distribution  of  technical  reports  in  accordance  with  a  supplemental 
distribution  list  provided  by  the  Scientific  Officer.  The  supplemental 
distribution  list  shall  not  exceed  250  addresses. 


(a)  &  (b)  1 

&  (c) 


